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Introduction 
The greenhouse gas phenomenon plays a fundamental role in the equilibrium climate of the globe 
by allowing high temperatures at the surface and very cold temperatures in the stratosphere. How-
ever the temperature distribution is nota simple function of the latitude: the general circulation pat-
tems produce large temperature anomalies along a latitude circle in the extratropics. The absorption 
of the infrared radiation emitted by the surface and the clouds is essentially due to water vapor. An-
other gas contributing to the vertical redistribution of heat is the carbon dioxide (C02). Systematic 
observations since the 1950s indicate that the atmospheric concentration is increasing at a regular 
r:!te of 1% per year. The main cause of this increase is the buming of fossil fuel. One can quote 
other causes like the tropical deforestation and other greenhouse gases like methane. 
The consequence of the greenhouse gas increase is the warming of the planet. Observations since 
the last century show an irregular in time and location warming. Such a warming is expected to con-
tinue. and even intensify since the ocean inertia may delay the climate response. The climate system 
is very complex, and a global warming will not imply a uniform warming. The modification of the 
large-scale circulation may produce at sorne place a cooling, simply because au northerly advection 
replaces a southerly one. Moreover, the impact of a greenhouse gas increase on the precipitation is 
difficu1t to predict: on the one hand a warmer atmosphere will be drier, but on the other hand, the 
increase in ocean evaporation will enhance the hydrologic cycle. 
In order to study the impact of a C02 doubling on the European climate, it is necessary to use a re-
gional model. The global models with a horizontal resolution of T42 or equivalent may give sorne 
infonnation, but they do not represent the main features of the European orography. A limited area 
model. imbedded in a global model, is a possible solution to the problem. since a global model with 
a high resolution like TI 06 is very much CP-time consuming for a yet too coarse ( 120 km grid) 
resolution. The approach we present here is based on the ARPEGE model, which uses a variable 
resolution over the whole globe. The pole of the grid is in the Tyrrhenian sea, the spectral truncation 
is T63. and the stretching factor is 3.5: this provides a resolution varying from 60 km in the Medi-
terranean sea to 700 km in the southem Pacific ocean. 
Description of the experiments 
Two sets of 5 year simulations with ARPEGE have been carried out. The first set has been pro-
duced at INM. and will be referred to as SP 1 (for 1 x C02) and SP2 (for 2xC02). It is based on the 
version 11 e of ARPEGE-CLIMA T. This version is very el ose to the one used in Déqué and Piede-
lievre (1995). referred to as BG l. A more detailed description of ARPEGE-CLIMA T can be found 
in Déqué et al. ( 1994). The difference between SPl and BG 1 comes from the sea surface tempera-
ture (SST). BG 1 uses the standard AMIP SST (analyses for the 1979-1988 monthly values). al-
though SP 1 uses the 10 year averages of the AMIP SST (the seasonal cycle is maintained). Small 
differences come from the namelist of the model. The coefficient for the reduction of the mois-
-:> roP.,('P in thP ronvection scheme, TEQREF;, is 400 in SPl, which is more reasonable than 
the va.i.Je of 96 in BG l. Also the horizontal diffusion has been increased by a factor of 3 in SP 1 to 
improve the numerical stability in winter. SP2 is similar to SPI, except that the C02 concentration 
has been doubled, and a monthly SST anomaly has been added. This SST anomaly results from a 
scenario simulation by the Max Planck Institute with a coupled ocean model (ECHAMl for the at-
mosphere and LSG for the ocean). The soil surface temperature anomaly between the control and 
the perturbation (1% per year C02 increase) run at MPI has also been added to the deep soil relax-
ation temperature in ARPEGE, in order to avoid a relaxation toward the present climate on the con-
tinents. This experiment is similar to the one performed with a T42 older version of the model 
(Timbal et al.. 1995). 
The simulations performed at CNRM (referred toas FRI and FR2) use a later version of ARPEGE, 
and another set of SSTs. The SSTs come from a 2-century simulation with the Hadley Centre 
coupled model. In this simulation , starting at 1860, the increase in C02 concentration follows the 
observed values till 1990, then goes on at a constant 1% per year rate. Two 5-year time slices, the 
one starting at 1980, the other in 2050, have been extracted and the SSTs have been used as they are 
(after interpolation). As far as the deep soil relaxation temperatures are concerned, FR 1 uses the 
same values as BG 1 or SP 1, and a monthly anomaly has been added for FR2: this anomaly is the 
time averaged difference between the surface temperatures of the two periods in the HC coupled 
run. A time filter has been applied to this anomaly to account for the depth of the relaxation layer. 
In addition to a different SST forcing, the FR 1 and FR2 simulations differ from the SPl and SP2 
ones in the soil-vegetation parameters. In FRl and FR2. a new distribution of the fraction of sand 
and clay is used. The correspondence tables for the fraction of vegetation, roughness length, albedo, 
soil depth, mínimum stomatal resistance and leaf area index have been updated. The interpolation 
scheme has been changed from bicubic (12 pts) to bilinear (4 pts). These changes have a small im-
pact on the soil thermo-hydric properties (ccliw files instead of ccliv files). The cloud param-
eters have been modified (HUCOE: 2.4 -> 2.0 and HUTIL: 1 -> 3). The number of vertical leve! is 
31 instead of 30, and the distribution of the layer depth is more regular in the lower stratosphere 
through the use of an analytical function discretized in equal intervals. 
The modellibrary used in FRl and FR2 is 12c (instead of llc). It includes a non uniform horizontal 
diffusion (NOPGMR=2); then the standard spectral diffusion has been reduced by a factor of 2. The 
divergence equation is better linearized for the semi-implicit scheme (switch LSIDG). Two modifi-
cations have been introduced in the convection scheme. The first one takes into account the evapo-
ration of precipitation in sub-cloud layers. The second one introduces a dependency with height for 
the entrainment rate (TENTR). The soil-vegetation scheme has been modified: a bottom run-off is 
introduced (gravitational drainage). the rainfall interception is limited for high convective rates, tbe 
roughness length for the thermal exchange coefficients is taken to 10% the standard dynamical 
roughness length., and finally the heat capacity (PCT) is upper-bounded instead of set constant for 
numerical stability. 
Results 
The figures in Annex A show the average for the 5 years in winter (DJF) and summer (JJA) of the 
reference (SPI and FR 1) model climatologies over the globe. the perturbation (SP2 and FR2) clima-
tologies. and the anomalies due to C02 doubling (SP2-SP1 and FR2-FR 1 ). One can notice that ~.-.. • . --~ 
anomaly pattems are rather different for the two experiments in the troposphere as well as in the 
stratosphere. The fields presented are: 
• 2m temperature (2C) 
• 500 hPa temperature (2C) 
• 50 hPa temperature (2C) 
• precipitable water (kgjm2) 
• 2m relative humidity (%) 
• 500 hPa height (m) 
• sea level pressure (hPa) 
• 1 O m wind (m/s) 
• 200 hPa wind (m/s) 
• 850 hPa wind (m/s) 
• total precipitation (mm/day) 
• surface water budget (mm/day) 
• shortwave cloud forcing at the top of the atmosphere (W/m2) 
• longwave cloud forcing at the top of the atmosphere (W/m2) 
• total ozone (Dobson) 
• 10 hPa ozone (ppm) 
When zooming over Europe (Annex B), the difference is much striking. The two versions of 
the model (or the two different SST forcings) produce a completely different anomaly pattern 
in the lower troposphere winter circulation. the fields included are: 
• 2m temperature (2C) 
• 500 hPa temperature (2C) 
• 50 hPa temperature (2C) 
• precipitable water (kgjm2) 
• 2m relative humidity (%) 
• 500 hPa height (m) 
• 10 m wind (m/s) 
200 hPa wind (m/s) 
• 850 hPa wind (m/s) 
• total precipitation (mm/da y) 
• surface water budget (mrn/day) 
• shortwave cloud forcing at the top of the atmosphere (W/m2) 
• Jongwave c1oud forcing at the top of the atmosphere (W/m2) 
• total ozone (Dobson) 
• 10 hPa ozone (ppm) 
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ANNEX A 
Average of the 5 years in winter (DJF) and summer (JJA) 
over the globe. 
- Model climatologies. 
- Perturbation Climatologies. 
- Anomalies. 
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ANNEX B 
Average of the 5 years in winter (DJF) and summer (JJ A) 
over Europe. 
- Model climatologies. 
- Perturbation Climatologies. 
- Anomalies. 
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Total Precip 
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20°W oo 20°E 
INM 1 xC02 JJA (years : 1 to 5) 
T Preci - Evap 
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Temperature (2m) 
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Relative Humid. (2m) 
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Relative Humid. (2m) 
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